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ABSTRACT 
 
 
 
 
Towards green material, fatigue life of woven kenaf fibre reinforced polyester 
composites is investigated. These samples produce by hand lay-up made. Four 
orientation were samples prepared from woven kenaf fiber composites which is 0°, 
15°, 30° and 45°, thus number of layer namely one and two layers are used in this 
research. The experiments of tensile and fatigue tests were carried out to study the 
influences of the orientation of woven and number of the layer to the composites. 
The specimens are cycled to tension-tension fatigue loading at stress ratio 0.5 with 5 
Hz of frequency to determine the fatigue life at given 5 stress levels. From data is 
obtained shows that the orientation angle 0° is the higher maximum stress and for the 
others of three orientations angle composites show maximum stress values almost 
similar. For fatigue test, it found a two layers woven kenaf fiber with [15°/0°] 
orientation samples shows the higher fatigue life than others. Diversify woven 
orientation cannot increases the maximum stress, but it can increase the fatigue life. 
The numbers of the layers is not resulted to the maximum stress at one and two 
layers because both are almost similar. The numbers of the layers mostly influence 
the fatigue life in this experiment because it shows two layers gives a higher fatigue 
life than one layer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
ABSTRAK 
 
 
 
 
Ke arah pengunaan bahan hijau, jangka hayat lesu komposit tenunam serat kenaf 
diperkuatkan poliester telah disiasat. Sampel ini dibuat dengan mengunakan kaedah 
“hand lay-up”. Empat jenis orientasi disediakan daripada tenunan serat kenaf iaitu   
0°, 15°, 30° dan 45°, dan dua bilangan lapisan yang digunakan dalam kajian ini iaitu 
satu dan dua lapisan. Ujian tegangan dan keletihan telah dijalankan untuk mengkaji 
kesan orientasi tenunan dan bilangan lapisan terhadap komposit. Specimen 
dikenakan dengan beban tegangan berulang pada nisbah tekanan 0.5 dengan 
frekuensi 5 Hz dengan dikenakan 5 tahap tekanan yang berbeza untuk menentukan 
jangka hayat lesu. Dari data yang diperolehi menunjukkan bahawa komposit yang 
sudut orientasinya 0° adalah sampel yang mempunyai nilai tegasan maksimum yang 
lebih tinggi jika dibandingkan dengan tiga sudut orientasi yang lain, dan nilai 
tegasan maksimum untuk ketiga-tiga sampel itu berhampiran. Untuk ujian kelesuan, 
didapati sampel serat kenaf dua lapisan dengan orientasi [15° / 0°] menunjukan 
jangka hayat lesu yang lebih tinggi jika dibandingkan dengan yang lain. 
Mempelbagaikan orientasi sudut tenunan pada sampel tidak mampu meningkakan 
nilai tegasan maksimum sesuatu sampel, tapi ianya boleh meningkatkan jangka hayat 
lesu sesuatu sampel. Bilangan lapisan tidak mempengaruhi nilai tekanan maksimum 
sampel kerana didapati nilai tegasan maksimum untuk sampel satu dan dua lapisan 
hampir sama. Bilangan lapisan mempengaruhi keputusan untuk jangka hayat lesu 
sampel kerana sampel dua lapisan menunjukan jangka hayat lesu yang lebih tinggi 
jika dibandingkan dengan sampel satu lapisan.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of Study 
 
 
Nowadays, the uses of natural fibre as reinforces and filler in polymer matrix 
composites have become attention by many investigations throughout the world has 
become more common place. Flax, sisal, kenaf, jute, bamboo, ramie, and hemp are 
some of the most common natural fibres used as reinforcement biodegradable to 
produce composite materials. The main requirement in composites that make natural 
fibre as reinforcement is good interfacial adhesion with the matrix (Gassan, 2000). 
Furthermore, natural fibres have a low equipment abrasion, a low density, a 
renewable and are relatively high specific stiffness and strength                     
(Mohanty et al., 2005).  
 In addition, natural fibre are also more affordable than synthetic fibre and can 
replace in many applications for which cost saving out weight high composite 
performance requirements (Oksman et al., 2003). The main drawback of natural 
fibre in composite is moisture absorption of the fibre, lower allowable processing 
temperature not compatible between hydrophilic natural fibre and hydrophobic 
polymer (Ribot et al., 2011). 
 
 In Malaysia, the Malaysia government has identified kenaf or its scientific 
name Hibiscus cannabius L as a potential crop for replacement tobacco. In the     
year 2011, cultivation area of the kenaf expanded ten times compared 2005,        
from 40 to 400 hectares. Core and bast fibers from kenaf have been usedto make 
composites for the car components, furniture, and building industry                     
(Akil et al.,2011). Long kenaf bast fibers have potential for reinforcement polymers, 
due to their high characteristics, and have a more content of cellulose, ranging up to 
70 % compared to the kenaf core fiber and the others type natural fibre in Malaysia, 
such as banana fiber, coir fiber and others (Aji et al., 2009).  Furthermore, kenaf is 
also kenaf is an annual herbaceous plant with many environmental advantages and 
matrix polymer such as polyester resin are an opportunities to overcome the 
environmental problem. 
 Many researchers in the past used various type of chemical treatment to 
enhance the mechanical and physical properties of the composite reinforced natural 
fibres such as jute, banana, pineapple, hemp, and so on. Furthermore, alkaline 
treatment or mercerization by NaoH is the widely used for natural fibre, especially 
kenaf fibre gave better mechanical properties such as, flexural modulus, flexural 
strength, strength modulus and impact strength for composites (Akil et al., 2011). 
 Like other mechanical properties, the fatigue behaviour of natural fibre 
composites is still not fully understood. Studies based on natural fibre composites 
have been carried out by Abdullah. Their composites, made with unidirectional 
kenaf yarns in epoxy matrices, were tested in tension-tension fatigue (R=0.5 and 5 
Hz frequency). They investigated the influence of fiber content ratio and different 
stress level on tension-tension fatigue behaviour. Fiber content ratio were found to 
affect fatigue life strongly (Abdullah et al., 2012) 
 This study will continues the previous study about kenaf fiber reinforced 
polyester composite. These studies are focus on the fatigue strength of kenaf fiber 
reinforced polyester composite with the different woven pattern modification. The 
testing involves for this study is tensile test, tension-tension fatigue test, and 
scanning electron microscope. The result of the kenaf fiber reinforced polyester 
composite testing discussed at the end of this study. 
 
 
 
1.2 Problem Statements 
 
 
Many investigations in the past deal with the performance of the kenaf reinforced in 
composites. This includes the effect of natural fibre strength in composites (Akil et 
al., 2011), manufacturing process (Ajil et al., 2009) and delamination of layer but 
only involved in undirectional and nonwoven fiber. But this study were involved 
kenaf in form of a long yarn, woven fiber arrangement and varies orientations.   
 Natural fibres and its composites may suffer from fatigue loads as many 
others composites. In addition, the uses wide range of application obliged 
researchers to realize the important of fatigue phenomena even for structures where 
fatigue was not considered an issue. Nevertheless, none of these fatigue models deals 
with the fatigue life of natural fibre reinforced composites. Therefore, this thesis 
intended to be preliminary on the fatigue strength and the damaged on kenaf 
reinforced composites made from different orientation fibre. 
 
 
1.3 Objectives 
 
 
The purposes of this project are to carry out the fatigue strength of woven kenaf fiber 
reinforced composite. The purposes of objectives are: 
i. To study the fatigue strength of woven kenaf fiber reinforced composite. 
ii. To study the influence of fiber orientations on the fatigue strength. 
iii. To study the effect number of the layers to the fatigue strength. 
 
 
 
 
 
 
 
 
 1.4 Scope of the Study  
 
 
In order to achieve the objectives of this study, there are several parameters to be 
considered. The main parameter of this study is to fabricate of woven natural fiber 
composite with different fiber orientations.  Fatigue behaviour and fracture surface 
of the composites are determined and analysed by identifying if the fiber orientation 
is significantly influenced the fatigue performance. 
       Fatigue behavior is obtained by using a tension-tension test, this test are 
conducted to different stress level (Smax) of ultimate tensile strength. Then, fracture 
surface observation is conducted to identifying the cases of failure using scanning 
electron microscope (SEM).   
 
 
1.5 Expected Result 
 
 
In this study, the expected result is to enhance the fatigue strength of the composites. 
Based on the previous study (Khan et al., 2013), the fatigue strength of the 
composite improved if fabricate the composite with woven kenaf fibre and various 
orientations of the composites were being applied on it. The fatigue strength enhance 
because the stress concentration can be distributed efficiently among the fiber with 
multiple directions. 
 
 
 
 
 
 
 
 
 
 
  
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1  Introduction 
 
 
Several studies from previous researches have focused on the development of eco-
friendly bio composite to replace non-biodegradable fiber composites (Abdullah et 
al., 2012; khan et al., 2013, Ribot et al., 2011; Sapuan, 2006; Syafinaz et al., 2012; 
Kalam et al., 2005; Mustapha et al., 2013; Vasconcellos et al., 2012;). People 
nowadays move towards a more green technology so they interested to find new 
sources to replace non-biodegradable material with other types of natural fiber such 
as jute,ramie, flax, bamboo, cactus, hemp, banana, oil palm fruit bunch. 
 
 
2.2  Natural Fiber 
 
 
Natural fiber is class of hair-like materials that are continuous filaments or are in 
discrete elongated pieces, similar to pieces of thread. They can be spun into 
filaments, thread, or rope. Natural fiber can be classified in three groups which is 
vegetable (cellulose or lignocelluloses) fiber, animal (protein) fiber and mineral 
fibers. Figure 2.1 shows the example of natural fibers in their categories. Bast fibers 
refer to fiber gains from stems of the plant that providing strength to plants. Bast 
represents the entire length of the stem and therefore they are very long. Examples of 
bast fibers are flax, hemp, ramie, jute and kenaf. Leaf fibers refer to fibers that 
extract from leaves which rough and sturdy. Example of leaf fiber is pineapple leaf, 
abaca, henequen and sisal. 
 
Figure 2.1: Classification of Natural Fibers in their Categories (Ramarad, 2008) 
 
 The use of natural fibers as reinforcements in polymer composites to replace 
synthetic fibers like glass is presently receiving increasing attention because of the 
advantages, including cost effectiveness, low density, high specific strength, as well 
as their availability as renewable resources. Since the 1990s, natural fiber composites 
are emerging as realistic alternatives to glass-reinforced composites in many 
applications. Natural fiber composites such as hemp fiber-epoxy, flax fiber-
polypropylene (PP), and china reed fiber-PP are particularly attractive in automotive 
applications because of lower cost and lower density. Glass fibers used for 
composites have density of 2.6 g/cm
3
 
and cost between $1.30 and $2.00/kg. In 
comparison, flax fibers have a density of 1.5 g/cm
3
 
and cost between $0.22 and 
$1.10/kg (Foulk et al., 2000). 
 Several different natural fiber–polypropylene composites is determined the 
ability to replace glass fiber–reinforced materials. Polypropylene with a very high 
melt flow index was used to aid in fiber matrix adhesion and to ensure proper 
wetting of the fibers. Samples were made with 40% fiber content of kenaf, coir, sisal, 
hemp, and jute. After the samples were fabricated, tensile and impact tests were run 
to compare the properties of these composites to those made with glass fiber. The 
tensile strengths all compared well with glass, except for the coir, but the only 
sample with the same flexural strength was hemp. It was shown with kenaf fibers 
that increasing fiber weight fraction increased ultimate strength, tensile modulus, and 
impact strength. However, the composites tested showed low impact strengths 
compared to glass mat composites. This study demonstrated that natural fiber 
composites have a potential to replace glass in many applications that do not require 
very high load bearing capabilities (Wambua et al., 2003). 
 
Table 2.1: Comparison between natural and glass fibers (Wambua et al., 2003) 
 
  Natural Fibers Glass Fibers 
Density Low Twice that of natural fiber 
Cost Low Higher than natural fiber 
Renewability  Yes  No  
Recyclability  Yes  No  
Energy consumption  Low  High  
Distribution  Wide  Wide  
CO2 neutral  Yes  No  
Abrasion to machines  No  Yes  
Health risk when inhaled  No  Yes  
Disposal  Biodegradable  Not biodegradable  
 
 Natural fiber composites are also claimed to offer environmental advantages 
such as reduced dependence on non-renewable energy/material sources, lower 
pollutant emissions, lower greenhouse gas emissions, enhanced energy recovery, and 
end of life biodegradability of components. Since, such superior environmental 
performance is an important driver of increased future use of natural fiber 
composites, a thorough comprehensive analysis of the relative environmental 
impacts of natural fiber composites and conventional composites, covering the entire 
life cycle, is warranted (Joshi et al., 2003). 
 
2.2.1 Types of Natural Fiber 
 
 
These natural fibers can be split up into two categories, bast and leaf fibers. The bast 
fiber composites include kenaf, hemp, jute, ramie and flax while sisal, pineapple, 
abaca, henequen and sisal are considered a leaf fiber. The bast and leaf fibers has its 
own advantages of them and for the bast fibers is exhibit a superior flexural strength 
and modulus of elasticity than the leaf and for the leaf fibers show superior impact 
properties compare to the bast (Zampaloni et al., 2007).  
 
 
2.2.2 Properties of Natural Fibre 
 
 
Natural fiber properties are highly variable and depend on conditions of growth. It is 
therefore very difficult to get the same mechanical properties after repeat testing. For 
this research, kenaf fiber is used instead of other natural fiber. This is because kenaf 
requires less than six months for attaining a size suitable for practical application. 
Due to the fast growth and good fiber quality, since the early 1960s, there has been 
increasing interest in kenaf, primarily for its potential use as a commercial fiber crop 
for the manufacture of newsprint and other pulp and paper products, leading to 
collaborations between research and development (R&D) , economist, and market 
research (Khalil et al., 2010). 
 
 
 
 
 
 
 
 
 
 
 
Table 2.2: Properties of Natural Fiber (Parikh et al., 2009) 
 
Properties      Hemp  Jute  Ramie  Coir  Sisal  Flax  Cotton  Kenaf  
Density, 
g/cm
3 
 
1.48  1.46  1.5  1.25  1.33  1.4  1.51  1.4  
Tensile 
Strength, 
MPa  
550-
900  
400-
800  
500  220  600-
700  
800-
1500  
400  283-800  
Modulus, 
GPa  
70  10-30  44  6  38  60-80  12  21-60  
Specific (E/d)  47  7-21  29  5  29  26-46  8  -  
Elongation at 
failure, %  
1.6  1.8  2  15-25  2-3  1.2-1.6  3-10  1.6  
Moisture 
absorption,%  
8  12  12-17  10  11  7  8-25  -  
 
 
2.2.3 Characteristic and Properties of Kenaf Fiber 
 
 
Kenaf has a bast fiber which contains 75% cellulose and 15% lignin and offers the 
advantages of being biodegradable and environmentally safe (Kamani, 1996). 
Malaysian kenaf is composed of two distinct fibers, bast and core, with a makeup of 
about 35% and 65%, respectively. Each fiber has its own usage; thus, separation of 
the fibers produces higher monetary returns over whole-stalk kenaf. Major factors 
involved in separation of kenaf into its two fractions include: size and amount of 
each portion; type and number of separation machinery; processing rate through 
separation machinery; moisture content of whole-stalk kenaf; humidity of ambient 
air (Khalil et al., 2010). 
 
 
 
 
 
 
Table 2.3: Characteristic and properties of kenaf stems, Malaysia                      
(Khalil et al., 2010) 
 
Characteristics/properties  Bast  Core  Stem  
Dimension (cm) 
Height (range) 
Diameter 
Perimeter 
  
 
1.52 (0.095) 
5.73 (0.131) 
 
145-250 
1.74 (0.212) 
6.60 (0.101) 
Proportion (%) 
Cross-section area 
Weight proportion 
 
21.96 (2.03) 
32.2 
 
78.04 (2.51) 
68.5 
 
Density (g/cm
3
) - 0.21 (0.038) 0.29 (0.044) 
Acidity (pH) 7.13 5.21 5.87 
 
 
2.3 Matrix  
 
 
The first and the most important problem is the fiber-matrix adhesion. The role of 
the matrix in a fiber reinforced composite is to transfer the load to the stiff fibers 
through shear stresses at the interface. This process requires a good bond between 
the polymeric matrix and the fibers. Poor adhesion at the interface means that the full 
capabilities of the composite cannot be exploited and leaves it vulnerable to 
environmental attacks that may weaken it, thus reducing its life span. Insufficient 
adhesion between hydrophobic polymers and hydrophilic fibers result in poor 
mechanical properties of the natural fiber reinforced polymer composites       
(Wambua et al., 2003).  
 
 
 
 
 
 
 
 
2.3.1 Polyester (PE) 
 
 
Figure 2.2: Molecular structure of Polyester 
 
Polyester (PE) intrinsic properties of high stiffness, good tensile strength and 
inertness toward acids, alkalis and solvents have secured its position in a wide range 
of consumer and industrial products. Polyester is also flexible and can have very 
high elongation before breaking. The other advantages are:  
a) Homopolymer  
b) Good process ability  
c) Good stiffness  
d) Good impact resistance  
e) Copolymer  
f) High flow index  
g) Chemically coupled  
Although polypropylene gives a lot of advantages, there are several difficulties for 
this thermoplastic such as:  
a) Degraded by UV  
b) Flammable, but retarded grades available  
c) Low temperature 
The advantages of using polyester (PE) as matrix are their low cost and relatively 
low processing temperature which is essential because of low thermal stability of 
natural fibers. Amongst eco-compatible polymer composites, special attention has 
been given to polyester composites, due to their added advantage of recyclability. 
2.4 Kenaf Fiber Reinforced Polyester 
 
 
The research done in this study has proven the ability to successfully fabricate 
kenaf–polyester natural fiber composites. The optimal fabrication method for the 
compression moulding process has proven to be the layered sifting of a microfine 
polypropylene powder and woven kenaf fibers. Also shown through this work was 
that kenaf–polyester composites have a higher Modulus/Cost and a higher specific 
modulus than sisal, coir, hemp, flax and E-glass (Zampaloni et al., 2007) 
 
 
2.5 Introduction to Fatigue 
 
 
In general Fatigue is the process of progressive localized permanent structural 
change occurring in a material subjected to conditions that produce fluctuating 
stresses and strains at some point or points and that may culminate in cracks or 
complete fracture after a sufficient number of fluctuations. Fatigue is not depending 
on the overload but the number of repeating loaded cycles which refer to fluctuating 
loading (Albert, 1996). There is commonly recognized that a material failure may 
happen even the maximum stresses are well below the ultimate tensile stress limit. It 
has long been confirmed that fatigue is one of the primary reasons for the failure of 
structural components. In fact, 80% to 95% of all structural failures occur through a 
fatigue mechanism (Adarsh, 2001). 
 The fatigue is defined as the deterioration of a component caused by the 
crack initiation or by the growth of a crack, new IIW recommendation (2008). 
Accordingly, three stages of the progress relevant to fatigue are indicated as follows: 
I. Crack initiation: After several micro-cracks caused by initiation process, one 
crack become dominant and other micro-cracks start to interact as suggested 
by Miller, (Miller, 1987). The stage that occupy commonly more time in the 
fatigue life since damage develops slowly in this phase. 
II. Crack propagation: the stage that the dominant micro-crack in previous starts 
to accelerate the local stress field near the crack front when the cross-section 
decreases. 
III. Final sudden fracture: It is the stage that the rapid propagation rate results in 
a not enough remaining area to support load. 
 
 
2.5.1 Fatigue load 
 
 
All types of fluctuating loads have to be considered. The repeated actions can be 
imposed loads, dead weights, snow load, fluid pressure, wind load, temperature 
variation and hydrodynamic load etc. The resulting stresses from above actions, no 
matter the action is moment, axial force or combine, lead to fatigue load effects at 
the weakened position. Exactly confirming fatigue actions is one of the greatest 
problems and includes many uncertainties. In application, usually, only estimations 
of the stress history can be made. Generally, there are three loading related factors: 
a) Type of loading: bending, shear, fretting etc., 
b) The loading levels; the stress cycles, 
c) The number of loading cycles as well as the frequency of loading cycles.  
 
 
2.5.2 Factor of Fatigue Life 
 
 
In fatigue analysis, there are some factor influences the fatigue life. Firstly is the 
cyclic stress state. It is depending on the complexity of the geometry and the loading. 
One or more properties of the stress state need to be considered, such as stress 
amplitude, mean stress, biaxiality, in phase or out-of-phase shear stress, and load 
sequence. Secondly is the geometry effect. Notches and variation in cross section 
throughout a part lead to stress concentrations where fatigue cracks initiate 
(Vassilopoulos, 2010). The surface quality has effect on fatigue crack life. The 
surface roughness cause microscopic stress concentration that lowers the fatigue 
strength. Compressive residual stresses can be introduced in the surface, e.g. shot 
peening to increase fatigue life. Such techniques for producing surface stress are 
often referred to as peening. Laser peening and ultrasonic impact treatment can also 
produce this surface compressive stress and can increase the fatigue life of the 
component. This improvement is normally observed only for high-cycle fatigue. 
Material type uses also determine the fatigue life, as well as the behaviour during 
cyclic loading varies widely for different materials, e.g. composites and polymers 
differ markedly from metals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Tensile stress strain curve (Akil et al., 2011) 
 
In the residual stress, such as welding, cutting, casting, and other manufacturing 
processes involving heat or deformation can produce high levels of tensile residual 
stress, which decreases the fatigue strength. While, the effect of size and distribution 
of internal defect like casting defects such as gas porosity, non-metallic inclusions 
and shrinkage voids can significantly reduce fatigue strength. For direction of 
loading of non-isotropic materials, fatigue strength depends on the direction of the 
principal stress. Fatigue life also affected by grain size.  For most metals, smaller 
grains yield longer fatigue lives, however, the presence of surface defects or 
scratches  have a greater influence than in a coarse grained alloy. The environmental 
condition may cause crosion, corrosion, or gas-phase embrittlement, which all affect 
fatigue life. Corrosion fatigue is a problem encounter in many aggressive 
environments. Besides that, the temperature effect also has to be considered. Higher 
temperatures generally decrease fatigue strength.  
2.5.3 Fatigue in Composite Materials 
 
 
Composite materials exhibit very complex failure mechanisms under static and 
fatigue loading because of anisotropic characteristics in their strength and stiffness. 
Fatigue causes extensive damage throughout the specimen volume, leading to failure 
from general degradation of the material instead of a predominant single crack 
(Vassilopoulos, 2010). A predominant single crack is the most common failure 
mechanism in static loading of isotropic, brittle materials such as metals. 
 There are four basic failure mechanisms in composite materials as a result of 
fatigue: matrix cracking, delamination, fiber breakage and interfacial debonding. The 
different failure modes combined with the inherent anisotropies, complex stress 
fields, and overall non-linear behaviour of composites severely limit our ability to 
understand the true nature of fatigue. Figure 2.4 shows a typical comparison of the 
fatigue damage of composites and metals over time (Salkind, 1972). 
 Many aspects of tension-tension and tension-compression fatigue loading 
have been investigated, such as the effects of heat, frequency, pre-stressing samples, 
flawing samples, and moisture. Mixed views exist as to the effects of these 
parameters on composite laminates, due to the variation of materials, fiber 
orientations, and stacking sequences, which make each composite, behave 
differently. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4: Comparison of Metal and Composite Fatigue Damage (Hann, 1997) 
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 Extensive work has been done to establish failure criteria of composites 
during fatigue loading. Fatigue failure can be defined either as a loss of adequate 
stiffness, or as a loss of adequate strength. There are two approaches to determine 
fatigue life; constant stress cycling until loss of strength, and constant amplitude 
cycling until loss of stiffness. The approach to utilize depends on the design 
requirements for the laminate. 
 In general, stiffness reduction is an acceptable failure criterion for many 
components which incorporate composite materials. Figure 2.5 shows a typical curve 
of stiffness reduction for composites and metals. Stiffness change is a precise, easily 
measured and easily interpreted indicator of damage, which can be directly related to 
microscopic degradation of composite materials. 
 In a constant amplitude deflection loading situation the degradation rate is 
related to the stress within the composite sample. Initially, a larger load is required to 
deflect the sample. This corresponds to a higher stress level. As fatiguing continues, 
fewer loads is required to deflect the sample, hence a lower stress level can exist in 
the sample. As the stress within the sample is reduced, the amount of deterioration in 
the sample decreases. The reduction in load required to deflect the sample 
corresponds to a reduction in the stiffness of that sample. Therefore, in constant 
amplitude fatigue, the stiffness reduction is dramatic at first, as substantial matrix 
degradation occurs, and then quickly tapers off until only small reductions occur. 
 
Figure 2.5: Comparison of Metal and Composite Stiffness Reduction (Hann, 1997) 
In a unidirectional fiber composite, cracks may occur along the fiber axis, which 
usually involves matrix cracking. Cracks may also form transverse to the fiber 
direction, which usually indicates fiber breakage and matrix failure. The 
accumulation of cracks transverse to fiber direction leads to a reduction of load 
carrying capacity of the laminate and with further fatigue cycling may lead to a 
jagged, irregular failure of the composite material. This failure mode is drastically 
different from the metal fatigue failure mode, which consists of the initiation and 
propagation of a single crack. Hahn predicted that cracks in composite materials 
propagate in four distinct modes. These modes are illustrated in Figure 2.5, where 
region I corresponds to the fiber and region II corresponds to the matrix. 
 
 
(a)                          (b)                         (c)                                  (d) 
Figure 2.6: Fatigue Failure Modes for Composite Materials, (a) represents a tough 
matrix where the crack is forced to propagate through the fiber, (b) occurs when the 
fiber/matrix interface is weak. This is, in effect, deboning, (c) when the matrix is 
weak and has relatively little toughness, (d) occurs with a strong fiber/matrix 
interface and a tough matrix. (Hann, 1997) 
 
The stress concentration is large enough to cause a crack to form in a neighbouring 
fiber without cracking of the matrix. Mode (b) is not desirable because the laminate 
acts like a dry fiber bundle and the potential strength of the fiber is not realized. 
Mode (c) is also undesirable because it is similar to crack propagation in brittle 
materials. The optimum strength is realized in Mode (a), as the fiber strengths are 
fully utilized (Hahn, 1997). 
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2.6 Related Previous Work 
 
 
2.6.1 The effect of volume fraction on the fatigue strength of unsaturated 
polyester / glass fiber composite. 
 
 
Sundus et al., (2013) investigates polymeric composites from unsaturated polyester 
as a matrix reinforced with glass fiber with two different volume fraction 20% and 
40%. The experiment also done with samples reinforced with uniform (woven) e-
glass fiber and random (continuous fibers). The result shown all samples with 
volume fraction 40% have fatigue strength more than that for samples with volume 
fraction 20%. The result also shown that the samples reinforced with uniform 
(woven) have fatigue strength more than that for sample reinforced with random 
(Continuous fibers) as shows in Table 2.4 and 2.5. Fatigue test showed cycles to 
failure decreases with increasing the number of reinforcing layer. 
 
Table 2.4: Relationship between fatigue cycle and number of layer for uniform glass 
fiber. 
  Uniform  
  20% 40% 
  1 layer 2 layer 1 layer  2 layer 
No. of Cycle (10
5
) 11 9 16 11 
 
 
Table 2.5: Relation between fatigue cycle and number of layer for random glass 
fiber. 
  Random 
  20% 40% 
  1 layer 2 layer 1 layer  2 layer 
No. of Cycle (10
5
) 10 8 15 9 
 
 
 
 
 2.6.2 Fatigue Properties of Hemp Fibre Composites. 
 
 
Based on the research of Shahzad et al., (2010), that study fatigue properties of hemp 
fibre, sample were made using two layers of non-woven randomly oriented hemp 
fibre mat hand laid up in a conventional unsaturated polyester matrix. Some samples 
were made from alkalized fibres to evaluate the effect of fibre surface treatments on 
the fatigue properties of composites. Fibres were soaked in 1%, 5% or 10% sodium 
hydroxide solutions for 24 hours. Some composite samples were pre-immersed in 
distilled water until they were saturated, prior to fatigue testing in water (pre-
conditioned), and others were fatigue tested in distilled water without pre-immersion 
(non-conditioned). Fatigue testing was carried out in tension-tension mode (R = 0.1) 
at a frequency of 1Hz. The comparison of S-N curves show a measurable 
improvement in fatigue performance of composites made with fibres from 1% and 
5% solutions. However following fibre treatment at the higher NaOH concentration 
of 10%, fatigue performance was reduced to about the same level as composites with 
untreated fibres as show in Figure 2.6. The comparison of S-N showed that neither 
pre-immersion nor testing in water had any significant effect on the fatigue lifetime 
data. 
 
Figure 2.7: Comparison of S-N curves of alkalised fibre composites. 
 2.6.3 Cyclic Fatigue Behaviour of Woven Hemp/Epoxy Composite: Damage 
Analysis. 
 
 
Vasconcellos et al., (2012) provided paper that study about cyclic fatigue behaviour 
of a woven hemp/epoxy composite. This composite constituted by seven layers of 
hemp fabric and an epoxy matrix. The cyclic fatigue tests are performed with a 
frequency of 1 Hz, a stress ratio of 1% (R=0.01) and with different levels of 
maximum loading. From the result, it can be seen that there is a significant 
dispersion in fatigue lifetime results of hemp/epoxy composites, especially for 
[0°/90°] laminates, and results show that [±45°] laminates exhibit higher fatigue 
lifetime than [0°/90°] laminates for a given stress level as show in Figure 2.7.  
 
 
 
 
Figure 2.8: Fatigue lifetime results and S-N curves (a) for [0°/90°] and (b) for [±45°] 
hemp/epoxy composites. 
 2.6.4 Properties evolution of flax/epoxy composites under fatigue loading  
 
 
Liang et al., (2013) investigated tension–tension fatigue behaviour of flax fibre 
(unidirectional) reinforced epoxy matrix composites for specimens having [0°], 
[90°], [0°/90°] and [±45°] lay-ups. Tension–tension fatigue tests were conducted 
under load amplitude control mode with a loading ratio of R = 0.1 with loading 
frequency of 5 Hz. For each sample apply five stress levels ranging from 0.4 to 0.8 
of ultimate tensile stress (UTS). Composites having higher static strength exhibited 
better fatigue resistance. However, the normalized stress versus number of cycles of 
flax reinforced epoxy [±45°] specimens presented the highest endurance 
performance limit than others as shown in Table 2.6.  
 
Table 2.6: Average number of cycles to failure of flax/epoxy specimens as a function 
of UTS ratio 
 
0.8 UTS 0.7 UTS 0.6 UTS 0.5 UTS 0.4 UTS 
[0°] 924 3930 30 380 137 349 618 124 
[90°] 563 3938 32 346 404 589 2 x106 
[0°/90°] 2735 18 069 100 576 269 509 1 143909 
[45°] 3679 24 409 383 972 2 x 10
6
 2 x 10
6
 
 
 
2.6.5 Fatigue Behaviour of Oil Palm Fruit Bunch Fibre/Epoxy and Carbon 
Fibre/Epoxy Composites. 
 
Kalam et al.,(2005) produced paper to investigate the fatigue behaviour of Oil Palm 
Fruit Bunch Fibre (OPFBF) /Epoxy and Carbon Fibre (CF) /Epoxy Composites. Two 
different values of fibre volume ratios, Vf, namely 35% and 55% were studied for 
OPFBF/epoxy composite. Fatigue tests using constant stress amplitude were carried 
out for OPFBF/epoxy and CF/epoxy composites at the stress ratios of 0.1 and 0.5 
and frequency of 20Hz, with several different maximum stress levels. Tensile test 
also carried to determine modulus and ultimate tensile stress. The result show that 
when increasing the fibre volume ratio from 35% to 55% for OPFBF/epoxy 
composite reduces the tensile strength of the composite and increases the Young’s 
modulus. Both materials showed the same characteristic in fatigue behaviour with 
other composite, where their fatigue lives were increased with the decreasing of 
maximum applied stress and also showed increasing in fatigue resistance as the 
stress ratio increased. The increasing of OPFBF volume ratio in composite has 
significantly reduces the fatigue life of the composite. 
 
 
2.6.6 Mechanical Properties of Woven Banana Fibre Reinforced Epoxy 
Composites. 
 
 
Sapuan et al.,(2006) studied about composite material using natural fiber.  Tensile 
and flexural (three-point bending) tests were carried out to determine the mechanical 
properties of the composites. Three samples prepared from woven banana fibre 
composites of different geometries were used in this research. The geometries for 
each sample are shows in Table 2.7. The result showed that the differences of results 
obtained from those three samples are not significant, which confirm a very stable 
mechanical behaviour of the composites under different tests. 
 
Table 2.7: Geometry data of samples used in test 
 
Sample Length (m) Height (m) Width (m) Cross-Section area, A (m
2
) 
1 0.28 0.0062 0.0254 1.5748 
2 0.28 0.0066 0.0252 1.6632 
3 0.28 0.0072 0.0251 1.8072 
 
  
 
 
 
 
 
 
 
 2.6.7 Studies On The Mechanical Properties of Woven Jute Fabric (WJF) 
Reinforced Poly. L-Lactic Acid (PLLA) Composites. 
 
 
Khan et al.,(2013) investigated the influence of woven structure and direction on the 
mechanical properties. Tensile, flexural and impact test are conducted in this study. 
Three samples prepared from fibre composites of first non-woven jute fabric 
(unidirectional), second plain woven jute fabric (WJF) and lastly chemical treatment 
of woven jute fabric were used in this research. All the data from experiment are 
show in Table 2.8. The result show woven structure exhibited excellent mechanical 
behaviour under tensile, flexural, and impact loadings compared to non-woven 
(unidirectional) composite. Tensile, flexural, and impact strengths of woven jute 
fibre composite were found higher at warp direction than weft direction. Chemically 
modified WJF/PLLA composite offered better strength and modulus than untreated 
WJF/PLLA composites.  
 
Table 2.8: Mechanical properties of jute fiber composites 
 
Sample 
Tensile 
strength 
(MPa) 
Young 
modulus 
(GPa) 
Strain 
(%) 
Flexural 
strength 
(MPa) 
Flexural 
modulus 
(GPa) 
Impact 
strength 
(kJ/m
2
) 
Unreinforced PLLA 40 0.36 3.4 42 3.02 8.82 
Non WJF composite 55 0.867 6.01 67 2.83 12.98 
       At warp direction 
      Untreated WJF composite 81 1.12 3.8 82 4.3 16.4 
Treated WJF composite 87 1.42 5.1 121 5.3 18.1 
       At weft direction 
      Untreated WJF composite 71 0.78 4.1 81 3.62 14.3 
Treated WJF composite 79.2 0.91 4.2 111 4.72 16.6 
 
 
 
 
 
 
2.6.8 A Study on Mechanical Properties of Woven Kenaf Fibre Reinforced 
Polymer Composites. 
 
 
A study from Shazali et al., (2013), that focuses on mechanical properties of weave 
pattern and treatment of kenaf fibre reinforced composite. The varying in weave 
pattern such as plain, twill and different diameter (0.62 mm and 1 mm) of kenaf 
thread has investigated. Alkalization treatments (using NaoH) were carried to study 
the different untreated and treated kenaf reinforced composite. Tensile and flexural 
test were conducted using same machine which is Universal Testing Machine and 
the result show in Table 2.9. The result show a twill weave pattern give a high 
strength and better modulus in tensile and flexural stress due to the fibre loading. A 
sample with diameter 1 mm gives better strength to kenaf fibre composite. The 
untreated kenaf fibre sample show better strength compare with treated kenaf fibre 
reinforced composites.  
 
Table 2.9: Tensile and Flexural result 
 
Specimen 
(mm) 
Untreated (MPa) Treated (MPa) 
Stress at max. load Max. Stress Stress at max. load Max. Stress 
Plain 0.62  24.92 32.22 15.87 31.47 
Plain 1.00  28.13 41.26 16.38 32.69 
Twill 1.00  30.95 50.71 23.05 44.63 
 
 
2.6.9 Fatigue Behaviour of Kenaf Fibre Reinforced Epoxy Composites. 
 
 
Abdullah et al.,(2012) have researched using unidirectional kenaf fibre reinforced 
composites. Three sample with different fibre volume fraction, Vf  were 0%(pure 
epoxy), 15% and 45% were used in this study. The specimens were cycled to 
tension-tension fatigue loading at stress ratio of 0.5 and 5 Hz of frequency to 
determine the fatigue life and its life characteristic at given 5 different of stress levels 
which is 0.5 until 0.9 ultimate tensile stress (UTS).  The result are show in Table 2.10 
indicate that the fatigue life is increased when the lower stress level is applied and 
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